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ABSTRACT 
 
The use of ultra-high dilutions and their effect has been the subject of much debate and controversy 
for the practice of homeopathy. The effect of these dilutions is considered to be due to non-molecular 
information transfer to the solvent during the process of succussion and dilution. High dilutions are 
not suitable to pharmacokinetic investigation due to their lack of detectable active ingredient and the 
lack of analytical methods with sufficient sensitivity; however, laboratory and clinical studies are 
providing experimental evidence contributing to the pharmacodynamics of high dilution remedies. 
 
The aim of this study is to investigate the effect of ultra-high dilutions of Thyroxine on the 
morphogenesis of Xenopus laevis tadpoles using potencies of 6C, 30C and 200C, to determine if the 
effect is stimulatory or inhibitory to morphogenesis and whether the various potencies have similar or 
different effects on morphogenesis.  
 
The morphogenesis of Xenopus laevis, the African clawed frog, is dependent entirely on the thyroid 
system and the production of thyroxine; they require the initiation and maintenance of high levels of 
circulating thyroid hormones to make the transition from tadpole to juvenile frog. Exposure of 
tadpoles to exogenous thyroid hormones can induce precocious morphogenesis, whilst withholding 
thyroid hormones by surgical ablation of the thyroid gland will prevent any further development until 
such time that the hormone is replaced. 
 
Homeopathy is based on the “Law of Similars” and the idea of “Like cures like”. This implies that a 
crude substance capable of producing particular symptoms in a healthy individual, in homeopathic 
dilution, is able to cure these same symptoms expressed as a disease. Using this model, the effect of 
homeopathically prepared ultra-high dilutions of Thyroxine on the morphogenesis of Xenopus laevis 
tadpoles was determined. The high levels of naturally circulating thyroid hormones at particular stages 
of development being analogous to the crude substance causing symptoms, in this case, stimulating 
tail reduction. Eight-hourly applications of ultra-high dilutions of Thyroxine were administered to the 
water the tadpoles were housed in from Day 32 of the experiment, while measuring their tail length 
every three days from Day 32 to Day 48 and daily measurements from Day 48 to Day 58.  
 
Tail length measurements were analysed using parametric Univariate Analysis of Variance and non-
parametric Friedman and Wilcoxon Signed-Rank Test. Mean tail length and peak tail length in relation 
to stage was analysed for each group individually. An intergroup analysis was conducted at specific 
points in time on Day 32, Day 48 and Day 58 as well as their rate of growth and reduction analysed 
over time from Day 32 to Day 48 and Day 48 to Day 58.  
 
Thyroxine 6C was shown to have had a stimulatory effect while Thyroxine 30C had an inhibitory 
effect on the growth phase of the Xenopus laevis tadpole tail. Thyroxine 6C, 30C and 200C were 
shown to have had an inhibitory effect on the reduction phase of the Xenopus laevis tadpole tail. 
 
Where the results were shown to have had a stimulatory effect on the growth phase of the Xenopus 
laevis tadpole tail, it was likely due to the fact that a homeopathic dilution of 6C is below that of 
Avogadro’s constant and that it had more of a physiological effect, mimicking the action of the 
naturally circulating thyroxine. The results that were shown to have had an inhibitory effect are in line 
with the “Law of Similars” and the fact that a homeopathic preparation of Thyroxine should have an 
opposing effect to that of naturally circulating thyroxine, which is responsible for the reduction of the 
Xenopus laevis tadpole tail. These findings also support the idea of peri-molecular charges or the 
electromagnetic nature of a molecule and its ability to transmit information on the solvent and that 
successive succussions and dilutions are capable of permanently altering the physiochemical nature 
of the solvent, resulting in the plausible use of high-dilutions in homeopathy.  
 
1. BACKGROUND  
 
1.1. Introduction 
 
Morphogenesis of Xenopus laevis is dependent on the thyroid system and the production of thyroxine; 
they require the initiation and maintenance of high levels of circulating thyroid hormones to make the 
transition from tadpole to juvenile frog. Exposure of tadpoles to exogenous thyroid hormones can 
induce precocious morphogenesis. Withholding thyroid hormones by surgical ablation of the thyroid 
gland will prevent any further development until such time that the hormone is replaced. The effect 
of homoeopathic preparations of thyroxine can be determined by measuring the growth rate based on 
tail reduction and weight gain of Xenopus laevis tadpoles at appropriate stages of development (Stage 
61 – 66). The Xenopus laevis species is suited to this form of investigation given their well-defined 
growth pattern; they spawn readily under the stimulation of gonadotropic hormones and are easily 
reared in captivity (Nieuwkoop & Faber, 1994). 
 
1.2 Hahnemannian Remedy Preparation Method 
 
Christian Friedrich Samuel Hahnemann (1755-1843), the founder of homoeopathy, developed the 
process of serial dilution and succussion in an effort to achieve a therapeutic effect whilst diminishing 
the toxicology of a crude substance; this is known as potentisation. This method, otherwise known as 
the multi-vial method, includes two scales of dilution; the centesimal scale, in which one part of 
mother tincture or soluble substance is added to ninety-nine parts of suitable diluent; and the decimal 
scale, one part mother tincture or soluble substance is added to nine parts of suitable diluent, 
successively yielding various dilutions, including ultra-high dilutions. With each dilution, a new glass 
vial is used and subjected to vigorous impact against a resilient surface. The number of succussions is 
debatable, depending on the homoeopathic pharmacopoeia used, ranging from 10 to 100 impacts, or 
simply 20 minutes, however, it is accepted that the number of succussions between each dilution 
remains constant for that specific stock (Kayne, 2006). For insoluble substances, the same ratios apply; 
however, the starting substance is triturated with lactose powder for 1 hour using a pestle and mortar, 
following specific guidelines as set out by the appropriate homoeopathic pharmacopeia (Jouanny, 
1994). 
 
1.3 Thyroxine 
 
Thyroid hormones are released from the thyroid gland under the stimulation of Thyroid Stimulating 
Hormone (TSH). TSH stimulates iodide transport into the follicle cells of the thyroid gland and 
stimulates the production of thyroid hormones. Follicle cells synthesise a globular protein, 
thyroglobulin, which contains the amino acid tyrosine, the building block of thyroid hormones. 
Thyroid peroxidise activates iodide ions and attaches them to the tyrosine portion of the thyroglobulin, 
forming tetraiodothyronine (T₄) containing four iodide ions, more commonly known as thyroxine and 
triiodothyronine (T₃) containing three iodide ions. Thyroglobulin is then secreted into the colloid of 
the thyroid follicles until TSH stimulates the release of thyroid hormones (Martini & Nath, 2009). The 
thyroid gland develops early in the amphibian embryo and is fully developed and functioning at the 
time of hatching. T₄ is the major product of the amphibian thyroid gland with minor amounts of T₃ 
produced. The levels of circulating T₃ and T₄ rise at prometamorphosis and peak at metamorphic 
climax. T₃ has a greater biological activity compared to that of T₄ owing to the fact that thyroid 
hormone receptors have a greater affinity for T₃. At the target tissues of thyroid hormones, 
monodeiodinase enzymes convert T₄ to T₃, or inactivate T₃ forming reverse T₃ (Denver, 2013). L-
Thyroxine Sodium Salt Pentahydrate, a synthetic form of thyroid hormone that is chemically identical 
to thyroxine (T₄) will be used for the preparation of the ultra high dilutions of thyroxine for 
experimental use (Chemburkar, et al., 2010).   
 
1.3.1 Action of Thyroxine on the Morphogenesis of Xenopus laevis  
 
The response of specific tissues to thyroxine and the well-defined timing of morphogenesis make this 
species of amphibian an ideal organism to investigate the effects of highly dilute thyroxine (Furlow 
& Neff, 2006). Each tissue of the tadpole responds uniquely to thyroxine; this ranges from 
morphogenesis, altered gene expression, extensive cell death and tissue re-structuring. Amphibians 
require the initiation and maintenance of high levels of circulating thyroid hormones to make the 
transition from tadpole to juvenile frog. Exposure of tadpoles to exogenous thyroid hormones can 
induce precocious morphogenesis. Withholding thyroid hormones by surgical ablation of the thyroid 
gland will prevent any further development until such time that the hormone is replaced (Tata, 2003).  
 
1.4 Related research 
 
According to Harrer (2013), 48 hourly applications of thyroxine 30D have an inhibitory effect on the 
morphogenesis of highland amphibians. The purpose of this study was to reproduce an experiment 
conducted by Endler et al. (1991) using diluted thyroxine and amphibians. The studies focused on two 
parameters, entry into the 4-legged stage and tail reduction. The results of Harrer’s study (2013) were 
in line with that of Endler’s study (1991); there was a clear inhibitory trend on both parameters, 
however, the study was found to be statistically insignificant, possibly due to the small number of 
animals used (60 animals per group) (Harrer, 2013).  
According to research conducted through Technikon Witwatersrand, eight hourly applications of 8D 
potencies had a stimulatory effect while 16D and 18D potencies showed an initial stimulation 
followed by an inhibition of morphogenesis. Single applications of 8D and 18D as well as 48 hourly 
applications of 30D and 60D had an overall inhibitory effect on the morphogenesis of Xenopus laevis 
tadpoles. The potencies that resulted in statistically significant changes appear to be linked to the time 
interval of administration (Teixeira, 2001). An explanation for this was that the homeostatic 
mechanism of the Xenopus laevis tadpoles attempts to decrease the rate of morphogenesis by negative 
feedback in an effort to bring the rate of morphogenesis back to normal after an initial period of 
stimulation, therefore slowing morphogenesis down, as was the case with the single and 48 hourly 
applications. The eight hourly applications did not allow for the homeostatic decrease in 
morphogenesis due to the frequency of stimulation with homoeopathic thyroxine, which is greater 
than the negative feedback mechanism of homeostasis.  It was found that the potency of homoeopathic 
thyroxine determines the degree of stimulation or suppression, while the time interval of 
administration determines whether the response will be stimulatory or suppressive (Teixeira, 2001). 
 
Another study concluded that the administration of centesimal potencies (4C, 7C and 9C) had a 
stimulatory effect when administered 8 hourly but an inhibitory effect when administered once off 
and 48 hourly (le Roux, 2001). There was no evidence to suggest any interaction between potency 
and frequency of administration, however, the overall inhibitory effect on the morphogenesis of 
Xenopus laevis tadpoles affirms the findings of other high dilution research which shows a pattern 
antagonistic to the original action of the crude substance if prepared by way of serial dilution (Belon 
et al., 2004; Bonamin et al., 2001; Doutremepuich et al., 2012).  
 
2. METHODOLOGY 
 
2.1 Research Design 
  
A quantitative, experimental, factorial study was conducted under the supervision of qualified 
laboratory technicians at the University of Johannesburg, Zoology Department, Faculty of Science on 
the Auckland Park campus with the relevant permission granted.  
 
 
 
2.2 Sample Group 
 
A sample group of 360 newly hatched tadpoles were primed for mating with a series of human 
chorionic gonadotropin (hCG) hormone injections to induce ovulation, egg laying and fertilisation 
(Reed, 2005). 
 
2.3 Mature Xenopus laevis  
 
Three pairs of sexually mature male and female Xenopus laevis were housed in a large tank that closely 
resembled conditions of a natural pond. The temperature was maintained between 21°C and 25°C. 
The mating pairs were transferred to experimental tanks in an environmental control room 24 hours 
prior to the process of injecting and priming (Reed, 2005). The hCG was supplied in 1mL ampoules 
of 5000 international units (IU). The males were given a primer injection of 50 IU (0.01mL), while 
the females were injected with 100 IU (0.02mL) of hCG. A final injection was given 48 hours after 
the primer injection; this time the males were given 100 IU, while the females were given 300 IU of 
hCG. (Reed, 2005).Over the course of the 48 hours following the primer injection, the cloacal labia 
became swollen and red, while the males developed darker nuptial pads on the underside of the 
forearms and fingers, indicating that they were ready to mate. Amplexus was not observed, but is 
assumed to have occurred roughly 36 hours post final injection at some point during the night. The 
eggs observed the following day marked “Day 1” of the experiment.  
 
2.4 Xenopus laevis Tadpoles 
 
The newly hatched tadpoles were housed in an environmental control room where the photoperiodism 
is set to 14 hours light and 10 hours dark, mimicking their natural habitat. The temperature was 
maintained between 23°C and 25°C. In order to minimise variability, it was decided to house all the 
tadpoles together, but due to the number of tadpoles and an inadequate tank size, they were spread 
across three tanks until they reached 32 days old, at which point they were randomly divided into the 
experimental tanks.  The experimental tanks were made of glass with an opaque bottom and two sides, 
the front and back side being transparent for easy observation. The tanks measured 50 cm in length, 
50 cm breadth and 50 cm height. The tanks were marked and filled with 50L of water. The feed was 
mixed in a ratio of 1:1:1. One part spirulina (15g), one part commercial fish food (15g) and one part 
maize cereal (15g) in a 250mL beaker. The components were blended in a coffee grinder to a fine 
powder. For the first 10 days, the mixture was added to 200mL of purified water and allowed to settle 
in the refrigerator overnight. The liquid was then siphoned off the top of the remaining pulp and 10mL 
added to each of the three tanks daily. A new mixture was prepared every two days. For the remainder 
of the experiment, dry mixture was sprinkled over the top, as much as they would consume within 
five minutes to prevent fouling of the water, roughly 5g of powder in each tank once daily. Aquarium 
filters were fitted to each tank to prevent the water from becoming murky. The filters were cleaned 
and the filter floss replaced once a week. A complete water change was done on Day 40 and again on 
Day 45.  
 
2.5 Ultra-high Dilutions of Thyroxine 
 
Ultra-high dilutions of Thyroxine in potencies of 6C, 30C and 200C were prepared and used for the 
purpose of this experiment. Levothyroxine Sodium Salt Pentahydrate was received in powder form 
and triturated to a 3C potency according to the German Homoeopathic Pharmacopoeia HAB Method 
6, for the trituration of solid raw materials. The 3C potency was then converted to a liquid potency 
according to the German Homoeopathic Pharmacopoeia HAB method 8A, for liquid preparations 
made from triturations. Potentisation was done according to the Hahnemannian multi-vial method. To 
make the 5C potency 43% v/v ethanol was used. Further potencies, 6C to 15C were made with 90% 
v/v ethanol. The potencies 16C to 196C were prepared in 20% v/v ethanol. The potencies from 197C 
to 200C were prepared in 90% v/v ethanol. Bulk containers were then prepared for the experiment. 
Stock potencies prepared were 5C, 29C and 199C, each in volumes of 1300mL in 20% v/v ethanol. 
The researcher calculated the administration dose as one percent of the volume of the tank, equating 
to 500ml per dose. The researcher diluted the stock potency according to the Hahnemannian method 
in a ratio of 1:99, calculated as 5mL of stock solution added to 495mL of purified water. The 500mL 
solution was then succussed 100 times against a resilient surface. This process was repeated in the 
required potency for each tank, three times daily at eight hour intervals.  
 
2.6 The Experiment 
 
The experiment consisted of 12 tanks; three tanks served as the control group and the remaining nine 
were divided into three main groups, Thyroxine 6C, Thyroxine 30C and Thyroxine 200C. Each tank 
hosted 30 tadpoles totalling 90 tadpoles per group and a total of 360 tadpoles for the experiment.  
2.6.1 Remedy Administration 
 
Ultra-high dilutions of Thyroxine in various potencies were administered every eight hours from Day 
32. Each tank in Thyroxine 6C Group was given 500mL of 6C Thyroxine, Thyroxine 30C Group was 
given 500mL of 30C Thyroxine and Thyroxine 200C Group was given 500mL of 200C Thyroxine. 
With every dose, 500mL of water was removed from the tank to maintain the water volume at 50L. 
 
2.6.2 Data Collection 
 
Tail length was measured every three days from Day 32 (Stage 55), the day administration of the 
remedy started, until Day 47 (Stage 60). From Day 48 (Stage 61) to Day 58 (Stage 66), tail length was 
measured daily. Starting with Thyroxine 6C Group, one tank at a time, all the tadpoles were removed 
from the tank using a fine nylon aquarium net. They were gently placed in a 500mL plastic container 
whilst they awaited measurement. To measure tail length, each tadpole was placed on a transparent 
petri dish and placed over a ruler marked in 0.5mm increments. The tails were measured from the top 
of the anus to the tip of the tail. Once measurement was completed, they were placed back in the tank 
to avoid duplicate measurements. The process was repeated for each of the 12 tanks.  
 
2.7 Data Analysis 
 
A Univariate Analysis of Variance, a parametric technique, was conducted in order to explore the 
impact of various ultra-high dilutions on the tail growth and reduction of Xenopus laevis tadpoles at 
specific stages. Tests of normality for each individual group determined that non-parametric tests, 
Friedman and Wilcoxon Signed-Rank Test were appropriate to determine where the significant 
difference in tail length lies (Kuhudzai, 2016).  
 
2.8 Ethical Considerations 
 
Special care was taken regarding the housing and care of animals as set out by the South African 
National Standard (SANS) for the care and use of animals for scientific purposes, as well as the Royal 
Society for the Prevention of Cruelty to Animals (RSPCA) (SABS, 2002).  
 
 
3. RESULTS AND DISCUSSION 
 
3.1 Introduction 
 
On Day 32, Stage 55, eight hourly administrations of ultra-high dilutions of Thyroxine began. Various 
potencies were administered to the tanks in which the Xenopus laevis tadpoles were housed in. It is at 
this stage that naturally circulating thyroxine levels of the Xenopus laevis tadpole are at its highest 
(Tata, 2006). Each group consisted of three tanks, housing 30 tadpoles each, totalling 90 tadpoles per 
group. The groups were labelled according to the dilution of Thyroxine they were administered; 
namely Thyroxine 6C, Thyroxine 30C and Thyroxine 200C. The Control group did not receive any 
treatment. Tail length was measured every three days from Day 32 (Stage 55), the day administration 
of the remedy started, until Day 47 (Stage 60). From Day 48 (Stage 61), when tail reduction is 
theoretically said to begin, until Day 58 (Stage 66), tail length was measured daily (Nieuwkoop & 
Faber, 1994). 
 
3.2 Control Group 
 
The results of the Friedman Test determined that there was a statistically significant difference in 
mean tail length from Day 32 to Day 58, with a mean tail difference of 19.91mm and a p-value of 
0.001. This was followed up with a Wilcoxon Signed-Rank Test with a Bonferroni Adjustment 
between Day 32 to Day 48 and Day 48 to Day 58 to determine where the significance lies. There was 
a significant difference in mean tail reduction from Day 48 to Day 58 with a mean tail length difference 
of 22.82mm, a p-value of 0.004 and an average tail length of 5mm. This is in line with what is expected 
to occur in a natural environment. The tails should reduce completely by Day 58 and tadpoles 
metamorphose into the juvenile frog (Nieuwkoop & Faber, 1994). 
 
3.3 Thyroxine 6C Group 
 
The results of the Friedman Test determined that there was a statistically significant difference in 
mean tail length from Day 32 to Day 58 with a mean tail difference of 17.2mm and a p-value < 0.001. 
This was followed up with a Wilcoxon Signed-Rank Test with a Bonferroni Adjustment between Day 
32 to Day 48 and Day 48 to Day 58 to determine where the significance lies. There was a significant 
difference from Day 32 to Day 48, with a mean tail difference of 12.52mm and a p-value of < 0.001; 
while Day 48 to Day 58 showed a significant difference with a mean tail difference of 29.72mm and 
a p-value of < 0.001. When pooling the results of the three tanks together, statistical analysis revealed 
there was a significant difference in tail growth from Day 32 to Day 48 with a mean tail length 
difference of 12.52mm, a p-value of 0.000 and an average tail length of 37.93mm. This is in line with 
what is expected to occur in a natural environment, the tadpole is expected to grow by 10mm – 30mm 
between Day 32 and Day 48 (Nieuwkoop & Faber, 1994). Given that growth was within normal limits, 
it cannot be deduced that the growth was as a result of the Thyroxine 6C. There was a significant 
difference in mean tail reduction from Day 48 to Day 58 with a mean tail length difference of 
29.72mm, a p-value of 0.000 and an average tail length of 8.21. This is not in line with what is 
expected to occur in a natural environment. Tails should reduce completely by Day 58 and tadpoles 
metamorphose into the juvenile frog (Nieuwkoop & Faber, 1994). Thyroxine is directly responsible 
for regression of the Xenopus laevis tadpole tail; it induces programmed cell death, activates lytic 
enzymes and stimulates lysosome proliferation (Tata, 2006). Given that growth was within normal 
limits and reduction was not complete, it may be deduced that the Thyroxine 6C may have had an 
inhibiting effect on tail reduction. The experiment showed that the highly dilute Thyroxine 6C opposed 
the effect of the naturally circulating thyroxine. Other high dilution research has shown similar results. 
The anti-inflammatory effect of Arnica 6C showed a 30% inhibition to carrageenin induced paw 
oedema in Rattus norvegicus (p < 0.05) compared to that of a control group supporting the finding of 
this study and demonstrating that a homeopathic dilution of 6C can have an opposing effect when 
applied in accordance with the “Law of Similars” (Macêdo et al., 2004).  
  
3.4 Thyroxine 30C Group 
 
The results of the Friedman Test determined that there was a statistically significant difference in 
mean tail length from Day 32 to Day 58 with a mean tail difference of 8.35mm and a p-value < 0.001. 
This was followed up with a Wilcoxon Signed-Rank Test with a Bonferroni Adjustment between Day 
32 to Day 48 and Day 48 to Day 58 to determine where the significance lies. There was a significant 
difference in tail growth from Day 32 to Day 48 with a mean tail length difference of 6.04mm, a p-
value of 0.000 and an average tail length of 33.61mm. This is not in line with what is expected to 
occur in a natural environment, as the tadpole is expected to grow by 10mm – 30mm between Day 32 
and Day 48 (Nieuwkoop & Faber, 1994). Given that the Control Group did not behave as expected, it 
cannot be deduced that the lack of growth for the Thyroxine 30C Group was due to the highly dilute 
Thyroxine 30C. Statistical analysis revealed there was a significant difference in mean tail reduction 
from Day 48 to Day 58 with a mean tail length difference of 14.39mm, a p-value of 0.000 and an 
average tail length of 19.22. This is not in line with what is expected to occur in a natural environment. 
Tails should reduce completely by Day 58 as tadpoles metamorphose into the juvenile frog 
(Nieuwkoop & Faber, 1994). Thyroxine is directly responsible for regression of the Xenopus laevis 
tadpole tail (Tata, 2006). Given that reduction was not complete, it may be deduced that the Thyroxine 
30C possibly had an inhibiting effect on tail reduction. The significant finding is in line with the 
homeopathic “Law of Similars” (Kayne, 2006). The experiment showed that the highly dilute 
Thyroxine 30C opposed the effect of the naturally circulating thyroxine. Other high dilution research 
has shown similar results. Santoninim 30C and Cina 30C were shown to have reduced Trichinella 
spiralis infection in muscle tissue of mice while Eupatorium perfoliatum 30C and Arsenicum album 
30C reduced Plasmodium berghei infection, both cases inhibited parasite multiplication. These results 
support the findings of this study demonstrating that a homeopathic dilution of 30C can have an 
opposing effect when applied in accordance with the “Law of Similars” (Bonamin & Endler, 2010).  
 
3.5 Thyroxine 200C Group 
 
The results of the Friedman Test determined that there was a statistically significant difference in 
mean tail length from Day 32 to Day 58 with a mean tail difference of 0.57mm and a p-value < 0.001. 
This was followed up with a Wilcoxon Signed-Rank Test with a Bonferroni Adjustment between Day 
32 to Day 48 and Day 48 to Day 58 to determine where the significance lies. There was a significant 
difference in mean tail reduction from Day 48 to Day 58 with a mean tail length difference of 9.03mm, 
a p-value of 0.001 and average tail length of 25.22mm. This is not in line with what is expected to 
occur in a natural environment. Tails should reduce completely by Day 58 as tadpoles metamorphose 
into the juvenile frog (Nieuwkoop & Faber, 1994). Thyroxine is directly responsible for regression of 
the Xenopus laevis tadpole tail (Tata, 2006). Given that reduction was not complete, it may be deduced 
that the Thyroxine 200C possibly had an inhibiting effect on tail reduction. The significant finding is 
in line with the homeopathic “Law of Similars” (Kayne, 2006). The experiment showed that the highly 
dilute Thyroxine 200C opposed the effect of the naturally circulating thyroxine. Other high dilution 
research has shown similar results. Carcinosinum 200C showed a cytotoxic action against Dalton’s 
lymphoma tumour cells by inducing the apoptotic p53 gene, supporting the finding of this study and 
demonstrating that a homeopathic dilution of 200C can have an opposing effect when applied in 
accordance with the “Law of Similars” (Bellavite et al., 2014).  
3.6 Intergroup Analysis - Mean Tail Length Day 32 
 
Before administration of the highly dilute Thyroxine began on Day 32, all tadpole tails were measured 
and the groups were compared for mean tail length differences to establish if the groups were 
comparable from the start. A Tukey HSD Multiple Comparison Test using Harmonic Mean Sample 
Size and an alpha value of 0.05 found that Thyroxine 6C Group and Thyroxine 30C Group were 
homogeneous and therefore comparable with no significant difference between them, while Thyroxine 
200C Group and the Control Group were homogeneous and comparable from the start (Day 32). It 
was established that the Thyroxine 200C Group (mean tail length of 23.89mm) and the Control Group 
(mean tail length of 24.53mm), Homogeneous Subset 1, were found to have had a statistically 
significant shorter mean tail length than that of the Thyroxine 6C Group (mean tail length of 26.87mm) 
and the Thyroxine 30C Group (mean tail length of 26.91mm), Homogeneous Subset 2. Therefore, for 
further inter-group comparisons, only the Thyroxine 6C Group and the Thyroxine 30C Group are 
compared to each other and the Thyroxine 200C Group and the Control Group are compared to each 
other.  
 
3.7 Intergroup Analysis - Mean Tail Length Day 48 
 
3.7.1 Homogenous Subset 1 – Day 48 
 
On Day 48, The Control Group had a mean tail length of 28.12mm, while the Thyroxine 200C Group 
had a mean tail length of 32.33mm. It was found that there was a statistically significant difference in 
mean tail length of 4.21mm with a p-value of 0.001, the Thyroxine 200C Group being 4.21mm longer 
than that of the Control Group. Having already established that neither the Thyroxine 200C nor the 
Control Group grew as much as what was naturally expected, it cannot be deduced that the Thyroxine 
200C had an inhibitory effect on the growth of the tadpole tail. However, given that there was a 
statistically significant difference between the two groups on Day 48, it can be concluded that the 
Thyroxine 200C had an effect on the growth phase of the tadpole tail, whether the effect of the 
Thyroxine 200C is inhibitory, preventing tail reduction, or stimulatory, promoting tail growth, remains 
to be proven. By Day 48, the tadpole tail is anticipated to have reached its maximum length, at which 
point, tail reduction is naturally expected to begin (Nieuwkoop & Faber, 1994). The Thyroxine 200C 
Group had a significantly longer tail length than the Control Group on Day 48. In a natural 
environment, from Day 32 to Day 48, the tadpole tail is still growing. The Control Group started to 
reduce earlier than expected, on Day 41, while the Thyroxine 200C Group started reducing on Day 
51; this could be an indication that the highly dilute Thyroxine was inhibiting tail reduction, which is 
exactly in line with the “Law of Similars”. However, it might also be interpreted that the highly dilute 
Thyroxine may have stimulated growth by prolonging the growth phase; this is not in accordance with 
the “Law of Similars”. Further investigation and replication studies are recommended to validate these 
findings (Reed, 2005).  
 
3.7.2 Homogenous Subset 2 – Day 48 
 
On Day 48, the Thyroxine 6C Group had a mean tail length of 37.76mm, while the Thyroxine 30C 
Group had a mean tail length of 33.61mm. It was found that there was a statistically significant 
difference in mean tail length of 4.15mm with a p-value of 0.003, the Thyroxine 6C Group being 
4.15mm longer than that of the Thyroxine 30C Group. Having already established the fact that the 
Thyroxine 6C Group grew as much as what was naturally expected to occur and the Thyroxine 30C 
Group did not, with the fact that there was a statistically significant difference between the two groups 
on Day 48, it can be deduced that the Thyroxine 30C had an inhibitory effect on the growth phase of 
the tadpole tail.  During the growth phase (Day 32 to Day 48) the Xenopus laevis tadpole is dependent 
on naturally circulating levels of thyroxine for normal, natural development (Elinson, 2013). Given 
that the Thyroxine 30C Group did not grow as much as what was naturally expected, it can be 
concluded that the lack of growth was due to the highly dilute Thyroxine 30C.  
 
3.8 Intergroup Analysis - Mean Tail Length Day 58 
 
3.8.1 Homogenous Subset 1 – Day 58 
 
On Day 58, The Control Group had a mean tail length of 5mm, while the Thyroxine 200C Group had 
a mean tail length of 25.41mm. It was found that there was a statistically significant difference in 
mean tail length of 20.41mm with a p-value of 0.000, the Thyroxine 200C Group being 20.41mm 
longer than that of the Control Group. Having already established the fact that the Control Group 
reduced as much as what was naturally expected to occur and the Thyroxine 200C Group did not, with 
the fact there was a statistically significant difference between the two groups on Day 58, it can be 
deduced that the Thyroxine 200C had an inhibitory effect on the reduction phase of the tadpole tail. 
This is in line with the “Law of Similars” and the fact that a homeopathic preparation of Thyroxine 
should have an opposing effect to that of naturally circulating thyroxine, which is responsible for tail 
reduction (Kayne, 2006; Tata, 2006). 
 
3.8.2 Homogenous Subset 2 – Day 58 
 
On Day 58, the Thyroxine 6C Group had a mean tail length of 8.21mm, while the Thyroxine 30C 
Group had a mean tail length of 19.22mm. It was found that there was a statistically significant 
difference in mean tail length of 11.01mm with a p-value of 0.000, the Thyroxine 30C Group being 
11.01mm longer than that of the Thyroxine 6C Group. Having already established the fact that both 
the Thyroxine 6C Group as well as the Thyroxine 30C Group did not reduce as much as what was 
naturally expected to occur, with the fact that there was a statistically significant difference between 
the two groups on Day 58, it can be deduced that both the Thyroxine 6C, as well as the Thyroxine 
30C, had an inhibitory effect on the reduction phase of the tadpole tail, the Thyroxine 30C more so 
than the Thyroxine 6C. This is in line with the “Law of Similars” and the fact that a homeopathic 
preparation of Thyroxine should have an opposing effect to that of naturally circulating thyroxine, 
which is responsible for tail reduction (Kayne, 2006; Tata, 2006). 
 
3.9 Intergroup Analysis Over Time - Day 32 to Day 48 
 
An intergroup analysis was conducted in order to compare the overall mean change in tail growth 
from Day 32 to Day 48 and to see if there was any statistically significant difference between the 
groups. The mean tail growth is illustrated in Figure 4.1 for each group from Day 32 to Day 48. The 
Control Group shows the least amount of growth with 3.59mm while its comparable Thyroxine 200C 
Group grew on average 8.44mm. Thyroxine 6C Group showed the most amount of growth with an 
average of 10.89mm while its comparable Thyroxine 30C Group grew an average 6.7mm. All three 
treatment groups showed a significant mean growth compared to that of the control.  
 
 Figure 4.1: Mean Tail Growth from Day 32 to Day 48 
 
The Univariate ANOVA revealed a statistically significant main effect for treatment, F=44.747, with 
a p-value of < 0.001 and a large effect size (partial eta squared = 0.186), however this does not indicate 
which groups were significant. Post Hoc comparisons were used to determine where the significance 
lies. The Tukey HSD Multiple Comparison Test revealed a statistically significant mean difference in 
tail growth from Day 32 to Day 48 between the Control Group and the Thyroxine 6C Group, as well 
as the Control Group and the Thyroxine 30C Group. 
 
The Control Group and the Thyroxine 6C Group showed a mean difference in tail growth of 5.34mm 
and a p-value of < 0.001. During the growth phase (until Day 48) the Xenopus laevis tadpole is 
dependent on naturally circulating levels of thyroxine for normal, natural growth and development 
(Elinson, 2013). Because a homeopathic dilution of 6C is still below that of Avogadro’s constant, 
implying that there is still a detectable amount of original substance in solution, in this case, thyroxine, 
it may have had a physiological effect on the tadpoles during this phase and stimulated growth, 
mimicking their own natural thyroxine (Bellavite et al., 2014; Elinson, 2013). Similar findings were 
reported with eight hourly applications of Thyroxine 4C and Thyroxine 7C in which they stimulated 
limb bud development and growth of Xenopus laevis tadpoles by Stage 54 (le Roux, 2001). Reasons 
for the lack of growth in the Control Group may be attributed to various husbandry factors such as 
sudden temperature changes, water pH variances, poor hygiene, handling errors, feeding errors or 
microbial infection (Reed, 2005).  
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The Control Group and the Thyroxine 30C Group showed a mean difference in tail growth of 3.43mm 
and a p-value of < 0.001. The Control Group as well as the Thyroxine 30C Group did not grow as 
much as what was naturally expected to occur, therefore it cannot be deduced that the lack of growth 
of the Thyroxine 30C group was due to the effect of the Thyroxine 30C. However, assuming that 
without application of the highly dilute Thyroxine 30C, the Thyroxine 30C Group might have grown 
as much as what was naturally expected to occur and that perhaps the application of the highly dilute 
Thyroxine 30C may have inhibited normal growth and development, given that there was a statistically 
significant difference between the two groups by Day 48. This finding would be in line with the “Law 
of Similars” and the fact that a homeopathic preparation of Thyroxine should have an opposing effect 
to that of naturally circulating thyroxine, which is responsible for normal growth and development at 
this stage (Bellavite et al., 2014; Elinson, 2013; Kayne, 2006). Assuming that both groups were never 
going to grow as much as what was naturally expected to occur due to various possible husbandry 
reasons such as sudden temperature changes, water pH variances, poor hygiene, handling errors, 
feeding errors or microbial infection, it may then be interpreted that the highly dilute Thyroxine 30C 
might have stimulated growth given that there was a statistically significant difference between the 
two groups at this stage; the Thyroxine 30C Group being 3.43mm longer than that of the Control 
Group (Reed, 2005). This is not in line with the homeopathic “Law of Similars” and the homeopathic 
dilution of 30C goes beyond that of Avogadro’s constant, implying there’s no active compound in 
solution for a physiological effect, leaving no reasonable explanation for the finding. Perhaps it was 
purely husbandry factors that led to the difference between the two groups (Bellavite et al., 2014; 
Kayne, 2006; Reed, 2005). 
 
3.10 Intergroup Analysis Over Time - Day 48 to Day 58 
 
An intergroup analysis was conducted in order to compare the overall mean change in tail reduction 
from Day 48 to Day 58 and to see if there was any statistically significant difference between the 
groups.  
 
Figure 4.2 shows the mean tail reduction for each group from Day 48 to Day 58. The Control Group 
reduced by 23.12mm, Thyroxine 6C Group reduced the most by 29.55mm, Thyroxine 30C Group 
reduced by 14.39mm and Thyroxine 200C Group reduced the least by 6.92mm. Only Thyroxine 6C 
Group and Thyroxine 200C Group showed a significant difference in mean tail reduction over this 
period.  
  
Figure 4.2: Mean Tail Reduction from Day 48 to Day 58 
 
The Tukey HSD Multiple Comparison Test revealed a statistically significant difference in mean tail 
reduction from Day 48 to Day 58 between the Control Group and the Thyroxine 200C Group, as well 
as the Thyroxine 6C Group and the Thyroxine 200C Group. 
 
The Control Group and the Thyroxine 200C Group showed a mean difference in tail reduction of 
4.96mm and a p-value of 0.007. Given that these two groups fall in Homogenous Subset 1, being 
comparable from the start and even though they were significantly different on Day 48, the Control 
Group measuring 28.12mm and the Thyroxine 200C Group measuring 32.33mm, they reduced at 
significantly different rates by Day 58, indicating that the Thyroxine 200C had an inhibitory effect of 
the reduction phase of the tadpole tail, resulting in a mean tail length of 25.41mm, compared to that 
of 5mm for the Control Group on Day 58. A homeopathic preparation of Thyroxine should have an 
opposing effect to that of naturally circulating thyroxine. Because thyroxine is responsible for 
stimulating tail reduction, in homeopathic high dilution, it should inhibit tail reduction (Bellavite et 
al., 2014; Kayne, 2006; Tata, 2006). In this case, tail reduction was so inhibited that it appears to slow 
down the rate of reduction, when in fact reduction is not dependent on time, but rather on influences 
affecting natural thyroxine levels (Nieuwkoop & Faber, 1994). 
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The Thyroxine 6C Group and the Thyroxine 200C Group showed a mean difference in tail reduction 
of 5.66mm and a p-value of 0.000. Even though these two groups were significantly different on Day 
48, the Thyroxine 6C Group measuring 37.76mm and the Thyroxine 200C Group measuring 32.33mm, 
they reduced at significantly different rates by Day 58. The Thyroxine 200C Group measured 
25.41mm compared to 8.21mm for the Thyroxine 6C Group by Day 58, both indicating a possible 
inhibitory effect on the reduction phase of the tadpole tail as neither of them reduced as much as what 
was naturally expected, however, the Thyroxine 200C showed a greater inhibitory effect on the 
reduction phase than that of the Thyroxine 6C. In this instance, the degree of inhibition of the reduction 
phase between the two groups was large enough to affect the “rate” at which the tails reduced. 
However, as much as it appears that the rate of reduction was reduced, more so for the Thyroxine 
200C Group than for the Thyroxine 6C Group, it’s more likely a matter of how much the highly dilute 
Thyroxine in both cases inhibited tail reduction, in accordance with the “Law of Similars”. A 
homeopathic preparation of Thyroxine should have an opposing effect to that of naturally circulating 
thyroxine. Because thyroxine is responsible for stimulating tail reduction, in homeopathic high 
dilution, it should inhibit tail reduction (Bellavite et al., 2014; Kayne, 2006; Tata, 2006). In this case, 
two different potencies showed the same inhibiting effect, but to different degrees. Tail reduction is 
not dependent on time, but rather on influences affecting natural thyroxine levels, in this case the 
highly dilute Thyroxine 200C showed a greater inhibiting effect than the highly dilute Thyroxine 6C 
(Nieuwkoop & Faber, 1994). Preparing homeopathic dilutions involve a two-step process known and 
“succussion and dilution”. With each “succussion and dilution” step, the potency is said to increase 
as well as the therapeutic strength (Kayne, 2006). This may account for the fact that the highly dilute 
Thyroxine 200C had more of an inhibitory effect than the highly dilute Thyroxine 6C. 
 
Where the results were shown to have had a stimulatory effect on the growth phase of the Xenopus 
laevis tadpole tail, it was likely due to the fact that a homeopathic dilution of 6C is below that of 
Avogadro’s constant and that it had more of a physiological effect, mimicking the action of the 
naturally circulating thyroxine. The results that were shown to have had an inhibitory effect are in 
line with the “Law of Similars” and the fact that a homeopathic preparation of Thyroxine should have 
an opposing effect to that of naturally circulating thyroxine, which is responsible for the reduction of 
the Xenopus laevis tadpole tail.  
 
Where there are statistically significant findings, affirming the “Law of Similars”, these findings also 
lend to theories of physiochemical properties and pharmacodynamic mechanisms of information 
transfer where there is non-molecular information imprinted on a solvent during the process of 
succussion and dilution (Bellavite et al., 2014). These findings support the idea of peri-molecular 
charges or the electromagnetic nature of a molecule and the ability to transmit information onto a 
solvent and that successive succussions and dilutions are capable of permanently altering the 
physiochemical nature of the solvent (Bellavite et al., 2014; Schulte & Endler, 2015). Whether the 
physiochemical properties of high dilutions are due to the theory of “water memory” or 
“entanglement” remains to be proven.  
 
4. CONCLUSION  
 
When analysing the growth phase of the Xenopus laevis tadpole tail from Day 32 – Day 48, it can be 
concluded that Thyroxine 6C has a stimulatory effect while Thyroxine 30C has an inhibitory effect on 
tail growth. When analysing the reduction phase of the Xenopus laevis tadpole tail from Day 48 – Day 
58, it can be concluded that Thyroxine 6C, Thyroxine 30C and Thyroxine 200C has an inhibitory effect 
on tail reduction. 
 
Therefore the hypothesis that ultra-high dilutions of Thyroxine would either inhibit or stimulate 
morphogenesis of Xenopus laevis tadpole when considering the stage and duration of tail reduction 
can be accepted. It is also noted that the Thyroxine 6C and Thyroxine 30C had different effects during 
the growth phase of the Xenopus laevis tadpole tail, while Thyroxine 6C, Thyroxine 30C and Thyroxine 
200C all had a similar effect on the reduction phase of the Xenopus laevis tadpole tail. Further research 
and replication studies are recommended in order to confirm these findings and draw any undisputed 
conclusions.  
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